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Abstract
Background: Expressed Emotions (EE) are associated with oppositional behavior (OPB) in children with Attention
Deficit/Hyperactivity Disorder (ADHD). EE has been linked to altered stress responses in some disorders, but ADHD
has not been studied. We test the hypothesis that OPB in ADHD is mediated by altered stress-related cortisol
reactivity to EE.
Methods: Two groups of children (with/without ADHD) and their respective parents were randomly assigned to
two different conditions with/without negative emotion and participated in an emotion provocation task. Parents’
EE, their ratings of their children’s OPB and their children’s salivary cortisol levels were measured.
Results: Low parental warmth was associated with OPB in ADHD. High levels of parental EE elicited a larger
cortisol response. Stress-related cortisol reactivity mediated the EE-OPB link for all children. This highlights the
general importance of parent-child interactions on externalizing behavior problems.
Conclusion: High EE is a salient stressor for ADHD children that leads to increased levels of cortisol and OPB. The
development of OPB might be mediated by the stress-response to high EE.
Introduction
Expressed Emotion (EE; i.e., hostility, criticism, low
warmth) directed by a caregiver towards a psychiatric
patient, predicts relapse [1,2] and is associated with psy-
chosis, depression [3,4], bipolar affective disorder [5]
and a range of child and adolescent disorders [6,7]. For
childhood and adolescence, there is a specific associa-
tion between EE and Attention Deficit/Hyperactivity
Disorder (ADHD), a chronic disorder with childhood
onset marked by inattention, hyperactivity, and impul-
siveness [8]. In cross-sectional as well as longitudinal
studies, parents of ADHD children were more hostile,
critical, and less warm [6,9-11]. Parental warmth on the
other hand seems to be a protective factor. A decreased
risk for the development of ADHD in low birth weight
children was found when mothers showed high levels of
warmth [12]. Taylor et al. [13] found that high EE
increases the risk for the development of comorbid
oppositional behaviour problems (OPB) in children with
ADHD. Consistent with this view comorbid Opposi-
tional Defiant Disorder (ODD) and Conduct Disorder
(CD) in ADHD children is significantly predicted
by mothers’ and fathers’ negative EE [14] with effects
generalizing across national and cultural settings.
The mechanism that might link EE and OPB in chil-
dren with ADHD remains unclear. Taylor [15] has sug-
gested that child ADHD provokes EE and inefficient
parental coping with both negative EE and poor coping
contributing to the development of OPB. In the current
study we explore the hypothesis that altered stress reac-
tivity in children with ADHD might mediate the link
between parental EE and childhood OPB. There are a
number of features that point to such a hypothesis.
First, there is evidence, that hypothalamic-pituitary-
adrenal (HPA) axis regulation is altered in children with
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tivity and abnormal diurnal cortisol rhythms have been
reported [16-18] and specific influences of ADHD sub-
types, such as inattention [19], on HPA responses. How-
ever, an interpretation of these results is complicated by
studies reporting no differences in cortisol levels
b e t w e e nc h i l d r e nw i t ha n dw i t h o u tA D H D[ 2 0 ]a n d
others that describe a positive relationship between
ADHD and cortisol levels [21,22].
Second, patients with OPB and ADHD may be parti-
cularly likely to show altered physiological reactivity. In
a study by Freitag et al. [23] children with ADHD and
ODD showed an attenuated cortisol awakening response
compared to children with ADHD without ODD/CD
and control children. Weaker cortisol responses in
patients with ADHD and ODD were found compared to
patients with ADHD only and normal controls [20].
Aggressive symptoms of CD were more clearly related
to low cortisol concentrations than non-aggressive OPB
in a study by Oosterlaan et al. [24]. Indeed, only a min-
ority of ADHD patients with comorbid OPB showed sig-
nificant cortisol increases in response to a psychological
test in a study by Yang et al. [25], whereas behavioral
stress responses and problems of aggression as mea-
sured with the Child Behavior Checklist (CBCL) corre-
lated negatively for the majority of participants. In a
recent study, disruptive behavior also predicted
decreased cortisol reactivity in boys with ADHD, but
only for the predominantly inattentive and hyperactive
subtypes [26]. Other studies however, reported no differ-
ences between ADHD children with and without
comorbid aggressive symptomatology [27,28], and longi-
tudinal studies showed dependence of cortisol levels on
current diagnostic status [17].
Third, EE may alter stress-related arousal patterns.
Tarrier et al. [29] demonstrated that arousal of patients
from low EE homes quickly habituated to the presence
of their relatives, whereas arousal levels of patients with
high EE relatives remained high [29,30]. Valone et al.
[31] found that adolescents from high EE backgrounds
had greater arousal, when anticipating an encounter
with relatives, than did adolescents from low EE
families. Hibbs et al. [32] found that in children with
disruptive behavior disorders maternal EE was inversely
related to spontaneous fluctuations in skin conductance
response. A sensitization of neuroendocrine systems by
repeated psychosocial stressors was reported in a study
by Marcelis et al. [33] on psychotic patients. Vitaliano et
al. [34] were able to show that among other variables EE
explained physiological reactivity in response to an emo-
tional task. Hooley et al. [35] examined fully remitted
unipolar depressed participants and healthy control sub-
jects with a novel, interpersonally based emotion provo-
cation task with subjects hearing audiotapes of critical
and praising remarks made about them by their own
mothers. After being criticized by their mothers, fully
remitted depressed participants still showed a greater
increase in negative mood and a failure to activate the
dorsolateral prefrontal cortex compared to healthy con-
trol subjects whereas no significant differences between
controls and remitted depressed participants emerged in
the positive control condition.
Despite these encouraging effects there has been no
investigation of EE effects on HPA-axis activity and/or
whether such effects might predict the development of
OPB in ADHD children. Here we investigate this
hypothesis making the following predictions: (1) EE in
ADHD families is associated with oppositional behavior
in the children with ADHD; (2) the cortisol response to
a psychosocially stressful experimental condition is
decreased for ADHD children with/without OPB, and
this contrasts with the absence of differences between
cases and controls in a positive control condition; (3)
altered stress reactivity mediates the link between EE
and the presence of oppositional behavior.
Methods and materials
Participants
Participants were 62 children with ADHD, their parents,
and 61 healthy controls and their parents (see table 1).
A power analysis with G-Power
© established that a total
of 128 participants would be required to test for med-
ium group effects when applying multivariate tests (F
(1,126) = 3.91, Lambda = 13.33, a =0 . 0 5 ,b =0 . 9 5 ,f=
0.25); thus our sample missed the optimal sample size
by five individuals. ADHD Children were recruited from
al a r g eo u t p a t i e n tc l i n i ca tt h eU n i v e r s i t yC l i n i cf o r
Child and Adolescent Psychiatry and Psychotherapy,
Essen, Germany. The ADHD diagnosis was based on the
Parental Account of Childhood Symptoms (PACS); a
DSM-IV based, semi-structured, standardized, trained
investigator-based (first author) interview that has good
inter-rater reliability (r = 0.79 - 0.96; [36]). The PACS
also screens for internalizing disorders such as anxiety
and depression, and children screening positive were
excluded from the study. Exclusion criteria for both
cases and controls also included extreme over- and
underweight, autism, epilepsy, general learning difficul-
ties, brain disorders and any genetic or medical disorder
Table 1 Characteristics of the sample (standard
deviations and percentages in parentheses)
N Age Males IQ
Cases with ADHD 62 10.6 (2.8) 50 (80.6%) 102.8 (14.4)
Control children 61 10.5 (2.7) 49 (80.3%) 110.6 (12.6)
Parents of cases with ADHD 62 39.2 (4.6) 3 (4.8%) not assessed
Parents of control children 61 41.2 (5.1) 5 (8.2%) not assessed
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ADHD. Additionally, parent/teacher ratings (Conners-
Scales DSM-IV ratings ≥ 65) were used to assess opposi-
tional behavior. While 37.1% of cases were on regular
stimulant medication, all were off medication for 48
hours prior to participation. A study protocol in accord
with the criteria of the Declaration of Helsinki was
reviewed and approved by the local institutional review
board and verbal and written consent was obtained
from parents and children. Groups were matched for
age and gender (see table 1 for sample characteristics).
Children’s age ranged from 5 to 17 years; parental age
ranged from 29 to 52 years. All children had IQ > 70
(short version of the WISC; information, picture
arrangement, similarities and block-design: [37]). There
were more male children than females and more
mothers than fathers.
Measures
ADHD symptoms and oppositional scores were rated
with the long version of the Conners’ parent and teacher
rating scales (CPRS-R:L; CTRS-R:L; [38]). The question-
naires assess symptoms on 14 scales including DSM-IV
based ADHD scales (based on 9 inattention and 9
hyperactive/impulsive symptoms), and oppositional
behavior [39]. T-scores were calculated for all scales
[38] and missing subscale data were prorated if 7 or
more from 9 items were present.
Expressed emotion was measured using the Five
Minute Speech Sample (FMSS: [40]; for the German
adaptation see [41]). A trained interviewer (first author)
asked the parent accompanying the child to talk for five
minutes about the child prior to the PACS interview.
Ratings, based on the number of critical and/or positive
comments, as well as tone, were made for the following
five categories: initial statement, high/low EE, emotional
over involvement (EOI), warmth, and hostility. The
tapes were coded by two independent raters (inter-rater
agreement Cohen’s Kappa = .83; average agreement of
97.2%). Additionally, all children were asked how critical
their mum/dad is of them generally (perceived criticism/
PC: [42]), a measure that correlates highly with EE
outcomes [42,43].
Social stress reactivity
Induction of social stress
We used the novel experimental attitude priming task
(APT) described by Hooley et al. [35], to create a psy-
chosocially stressful situation, designed to affect cortisol
responses. Before the APT, all children made a rating of
perceived criticism (PC, baseline measure) in the
absence of their parents. Then parents were asked to
say either three positive (control condition) or three
negative (experimental condition) things about their
child with the child listening (face to face). Negative
comments for both experimental and control group
were typically things like “he/she never cleans up his
room”; “Id o n ’t like him/her quarreling with his siblings”;
positive comments were i.e. “he/she is a friendly person”,
“he/she is helpful”. To further enhance the emotional
provocation, parents either praised (positive condition)
all the hits the child made on a short stop-signal com-
puter task [44,45] or criticized all errors (negative condi-
tion). After this task the child gave a final PC rating.
Cortisol stress response
Saliva samples of cortisol were used as a marker for the
acute response to stress in both parents and children.
Over the period of one hour, five samples were taken.
The first one (T1) served as baseline measure. The sec-
ond one (T2) was taken while the child worked on the
computer (during stress task); the third one (T3) was
taken immediately after the stress task; T4 and T5 were
taken 30 and 60 minutes after the baseline measures,
that is 15 respectively 30 minutes after the stress task.
For the detection of un-elicited cortisol response, saliva
samples were subjected to standard techniques. Briefly,
participants were asked to place a cotton wool swab
into their mouth for two minutes. The swab was subse-
quently placed into a prepared tube, which was stored
at room temperature until collection of all five samples.
Tubes were then centrifuged for 10 min and stored at
-20°C prior to analysis. Samples were inspected for
blood contamination before further analysis. All samples
yielded clear saliva of low viscosity. Saliva flow was
determined by weighing the tubes before and after saliva
sampling. Cortisol concentration in saliva was measured
using a commercially available, coated-tube radioimmu-
noassay validated for that matrix [46]. Measurements
were performed in duplicate. Intra- and inter-assay
variability (CV %), as calculated by the Rodbard method
[47], were 5.35 and 12.24 at a physiologic concentration
range (0.28 - 0.52 μg/dL), 2.09 and 3.67 at a high con-
centration range (0.798 - 1.30 μg/dL), and 1.64 and 2.92
at very high concentrations (2.06 - 3.36 μg/dL). Acute
and chronic health problems, regular medication, cur-
rent stress, time of getting up and breakfast were con-
trolled to avoid contamination of the saliva samples. All
participants were asked not to eat or drink (except
water) during the experiment.
Procedure
All children and their parents arrived at 8 a.m. to ensure
that no activities except breakfast and the trip to the
clinic occurred that could influence early morning free
cortisol levels [48,49]. After a relaxation exercise the
baseline cortisol sample was taken (T1) at 9 a.m. Partici-
pants were randomly divided into two subgroups
according to the experimental conditions described
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during and after which four further measures of salivary
cortisol were taken over a one hour period (till 10 a.m.).
Statistical analyses
Data reduction and analyses were carried out using the
statistical package SPSS 15.0. Differences in Conners’
rating scales and EE measures between ADHD children
and controls were compared with an ANOVA. Addi-
tionally oppositionality ratings were entered as covariate
to control possible influences on EE measures, since
comorbid OPB strongly influences the association
between ADHD and EE [13,14]. Influence of medication
on cortisol response, CPRS-R/CTRS-R-ratings and
FMSS-ratings were explored using Pearson correlations.
Correlations between FMSS measures and PC were cal-
culated to validate those two EE measures. Differences
in PC ratings over time and groups were tested with a
MANOVA with repeated measures. To test the hypoth-
esis, whether EE in ADHD is associated with OPB, lin-
ear regressions were used to predict comorbid
oppositionality ratings with FMSS measures. To com-
pare the psychosocial stress reactivity in cases and con-
trols, baseline cortisol levels were first tested for
equivalence in both groups (ANOVA). This was fol-
lowed by a MANOVA with repeated measures to test
the three way interaction between time × condition
(positive/negative) × group (cases/controls). OPB was
entered as a covariate to control for its possible
influence.
To establish a mediation effect, first the predictor-cri-
terion correlation must be significant and meaningful.
Second, the predictor must show a significant associa-
tion with the putative mediator. Third, the mediator
must be associated with the criterion measure, and
finally, the predictor-criterion correlation must be atte-
nuated when the mediator variable is entered into the
mix [50,51]. Thus according to our hypothesis, regres-
sion analyses must show that a measure of EE is signifi-
cantly correlated with oppositional behavior and also
with cortisol response. The mediator cortisol response
must be correlated with oppositional behavior and
finally, the link between EE and oppositional behavior
should be reduced if cortisol response is included in the
regression. This model was then tested with the Sobel-
test.
Results
Preliminary analyses
Children with ADHD scored higher than control chil-
dren on all Conners’ subscales, with T-scores ranging
between 1.5 to 2 standard deviations above the mean,
except for parental anxiety ratings (see table 2). There
were only six ADHD children with both parent and tea-
cher oppositionality scores within the normal range.
Due to randomization four of them were in the positive
and two in the negative condition. Thus our sample
consisted mostly of children with comorbid OPB.
There were no influences of medication status on any
of the measures taken. Neither cortisol levels (μg/dL) at
baseline (r -.011, p = .469) nor on the following four
measures (T2r .110, p = .226; T3r .045, p = .379; T4r
-.005, p = .486; T5r -.099, p = .247) nor Conners’ parent
(r .081, p = .283) or teacher (r .06, p = .340) ratings of
the DSM-IV ADHD-combined type correlated signifi-
cantly with medication status. There were no differences
in FMSS ratings for children with or without medication
(F(1,50) = .049, p = .826). For ADHD children Perceived
Criticism (PC) did not correlate significantly with the
assigned condition nor with parental FMSS ratings,
Table 2 Mean ratings on the Conners’ subscales and Expressed Emotion (EE) Measures for ADHD and control children
with SD in parenthesis and ANOVA results on significant differences
Conners subscale ADHD Controls ANOVA ADHD Control ANOVA
parent ratings teacher ratings
oppositional 75.92 (10.66) 51.44 (7.64) F(1,121) = 213.34, p < .001 67.67 (14.01) 48.93 (5.43) F(1,114) = 87.72, p < .001
inattention 72.47 (10.12) 48.41 (5.78) F(1,121) = 260.56, p < .001 63.58 (8.96) 44.66 (12.96) F(1,114) = 84.56, p < .001
hyperactivity 78.48 (10.13) 47.84 (5.81) F(1,121) = 421.45, p < .001 73.58 (10.91) 46.46 (3.97) F(1,114) = 307.77, p < .001
anxious-shy 57.95 (13.81) 49.43 (8.82) F(1,121) = 16.58, p < .001 64.6 (11.55) 53.57 (9.34) F(1,114) = 31.67, p < .001
social problems 69.73 (14.75) 50.46 (7.65) F(1,121) = 111.01, p < .001 62.23 (13.80) 47.89 (6.88) F(1,114) = 49.0, p < .001
emotional lability 66.60 (13.50) 47.21 (7.95) F(1,121) = 92.77, p < .001 68.65 (13.62) 47.68 (6.31) F(1,114) = 95.42, p < .001
DSM-IV-ct 78.56 (8.56) 47.33 (4.84) F(1,121) = 616.68, p < .001 73.75 (8.54) 47.46 (6.10) F(1,114) = 359.0, p < .001
parental EE-rating ANOVA Effect size d
negative comments 5.46 (3.84) 2.60 (2.93) F(1,117) = 13.72, p < .001 .84
positive comments 5.58 (2.93) 8.16 (2.08) F(1,117) = 19.06, p < .001 -1.01
warmth 2.75 (1.38) 3.79 (1.08) F(1,117) = 14.46, p < .001 -.84
criticism/hostility 2.44 (1.79) 0.84 (1.13) F(1,117) = 22.55, p < .001 1.07
Effect sizes are reported for EE ratings only.
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expressed by their parents. For the control children, on
the other hand, there were significant correlations
between assigned condition and PC at both times (see
table 3).
EE in ADHD is associated with oppositional behavior
Fifty nine tapes from parents of ADHD children, and 58
tapes from parents of control children could be scored.
An ANOVA revealed significant differences in EE rat-
ings with parents of ADHD children showing more EE
than those of control parents (Mean of Squares =
17.527, F(1,116) = 13.422, p < .001, h
2 = .105; for details
in FMSS-ratings see table 2). When entered as covariate,
OPB ratings removed significant differences (F(1,107) =
0.008, p = .929), but age did not (F(6,109) = 8.38, p <
.001, h
2 = .316). Of the parents with ADHD children,
28.6% were rated with High EE, 6.3% showed EOI, and
4.8% showed both High EE and EOI, whereas 54%
showed Low EE. In comparison, parents of control chil-
dren showed mostly Low EE (83.3%); 5% were highly
critical and 8.3% showed EOI. Effects were due to higher
criticism/hostility (d 1.07) and reduced warmth (d -.84)
in parents of ADHD children, but not to EOI. A step-
wise linear regression with all FMSS measures was used
to predict oppositionality in cases and controls. A signif-
icant prediction could only be obtained for ADHD chil-
dren with the EE sub-measure of high warmth
predicting low oppositionality ratings (R = .271, F(1,56) =
4.45, p = .039).
Cortisol response to a psychosocially stressful
experimental condition is decreased for ADHD children,
but no differences between cases and controls are
expected for the positive control condition
First baseline cortisol levels (T1) were compared that
revealed no differences between cases and controls:
A D H D :m e a n=. 1 8 2 ,S D=. 0 9 8 ;c o n t r o l s :m e a n=. 2 1 0 ,
SD = .117; F(1,120) = 2.14, p = .146. Thus no general
differences between ADHD and control children in
cortisol level at baseline needed to be taken into account
in the analysis. A multivariate analysis with repeated
measures compared cortisol responses over time for
both groups of children and the two conditions (nega-
tive vs. positive). There was a significant three way
interaction (time × condition × group: F(16,892) = 2.04,
p=. 0 0 9 ,h
2 = .035). Adding oppositional ratings as a
covariate removed the significant difference in cortisol
response (F(4,219) = .479, p = .751, h
2 =. 0 0 9 ) ,w h e r e a s
controlling for age (F(4,105) = 2.70, p = .034, h
2 = .093)
and gender (F(1,119) = 0.226, p = .0635, h
2 = .001) did
not. As can be seen in figure 1 &2, control children
showed the expected decrease over time without marked
differences according to the two conditions (see figure
2) whereas the effects were different for ADHD children
(see figure 1). Contrary to our expectation, ADHD chil-
dren in the negative condition did not show a decrease
in cortisol levels. Instead, there was an increase of corti-
sol after negative emotion provocation. However,
ADHD children in the positive condition showed a
decrease in cortisol response comparable to the control
group.
Altered stress reactivity, as indicated by altered cortisol
responses, mediates the link between EE and the
presence of oppositional behavior
To test the mediator model, Conners’ ratings of opposi-
tional behavior were used as a measure of OPB (see [39]
for justification of this procedure). Parent and teacher
oppositional ratings from the Conner’s questionnaires
were collapsed into one measure to avoid bias in either
direction. All children were included in this model,
since separate preliminary analyses for ADHD cases and
controls failed to show significant relations between
paths. Multiple linear regressions with all FMSS mea-
sures predicting oppositional behavior were calculated.
The sub-measure positive comments emerged as a sig-
nificant predictor and the direct path between this
EE measure and oppositional behavior resulted in a
significant medium correlation (R .433, p < .001). A
Table 3 Correlations between Perceived Criticism (PC)-ratings (baseline/follow-up), Five Minute Speech Sample (FMSS)
ratings, and experimental condition (p-values in parentheses)
Perceived Criticism
baseline measure
Perceived Criticism
final measure
Children with ADHD Condition (positive/negative) -.150 (.246) -.151 (.241)
FMSS hostility rating +.248 (.060) +.237 (.073)
FMSS warmth rating -.067 (.617) -.104 (.437)
Perceived Criticism baseline 1 +.840**(.001)
Control Children Condition (positive/negative) +.280* (.029) +.261* (.042)
FMSS hostility rating +.191 (.148) +.190 (.150)
FMSS warmth rating -.312* (.016) -.298* (.022)
Perceived Criticism baseline 1 +.934**(.001)
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baseline (T1) to the final measure (T5) was used as the
mediator variable. This was based on cortisol responses
in the control group, since they showed the expected
circadian decrease in cortisol response across the day
with levels decreasing by 86.5% from T1 to T5 averaged
over both conditions. Relative to this decreases in corti-
sol levels for ADHD children differed according to con-
dition with children in the positive condition showing a
decrease of 69%, and children in the negative condition
one of only 12.7%. Figure 3 shows the mediator model
to be tested.
For all children the path between EE (positive com-
ments) and cortisol stress index (putative mediator) was
significant (R .319, p < .001), as was the path between
the putative mediator (cortisol stress response) and the
dependent variable (conduct problems) (R .244, p =
.008). The significant path between positive comments
and OPB had already been established. Together these
associations established pre-requirements for testing
mediation (Baron & Kenny, 1986). This was achieved in
a second step when the significance of the path between
EE and OPB became reduced in significance when the
putative mediator, stress response index was added to
the regression model (R .20, p < .001). A Sobel-test was
significant (Sobel-test = 2.926, p < .001; ta = 3.61, tb =
-4.98) confirming partial mediation of the link between
EE and OPB by stress response.
Discussion
The study showed that parents of children with ADHD
are more hostile and critical towards their children than
parents of healthy controls. These results were signifi-
cantly influenced by childrens’ OPB, since oppositional-
ity ratings entered as a covariate removed this
significant effect. This confirms Taylor’s [15] hypothesis
that comorbid OPB contributes to the emergence of
high EE in parents of ADHD. Indeed, in an earlier
study, mothers of ADHD children who had responded
positively to methylphenidate treatment, their expression
of warmth increased and expressed criticism towards
their child decreased [52]. Further, in a recent study by
Sonuga-Barke et al. [14], ADHD children whose parents
were highly critical and lacked warmth had significantly
higher levels of ODD and CD. This study also found
gene-environment interactions involving EE and poly-
morphisms of the serotonin and dopamine transporters
suggesting that maternal expressions of warmth and
hostility may act together with genetic factors in altering
the severity of ADHD [53].
Contrary to our expectations, high criticism did not
predict high oppositionality ratings but high warmth
predicted low scores instead. This result was specific for
the ADHD group and highlights the potentially protec-
tive role of parental warmth. For instance, Tully et al.
[12] found that enhanced maternal warmth was predic-
tive for low parent and teacher ADHD ratings, and
Caspi et al. [54] showed that the monozygotic twin who
received more maternal negativity and less warmth had
more antisocial behavior problems compared to the
twin receiving more warmth.
There were no significant differences in baseline corti-
sol between cases and controls. We were not able to
confirm our hypothesis that ADHD children would
Figure 1 Distribution of Cortisol means for children with ADHD
according to emotion provocation at five time points across 60
minutes (see text for details). Positive: positive priming + parental
reinforcement for hits during computer-task. Negative: negative
priming + parental criticism for errors during computer-task.
Figure 2 Distribution of Cortisol means for control children
according to emotion provocation at five time points across
60 minutes (see text for details). MANOVA: main effect cortisol: F
(4,220) = 27.14, p = .000, h
2 = .33 Interaction cortisol × condition ×
group: F(16,892) = 2.04, p = .009, h
2 = .035. Cohens d comparing T5
for ADHD positive/negative = .40. Cohens d comparing T5 for
Controls positive/negative = .008. Cohens d comparing T5 for ADHD
positive with Controls positive = .15. Cohens d comparing T5 for
ADHD negative with Controls negative = .50.
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stressor. This decrease of cortisol levels over the assess-
ment period was absent in the ADHD children (negative
condition). Control children and ADHD children in the
positive control condition on the other hand did show a
decrease in cortisol over time as did control children in
the negative condition. This is in line with the findings
by Hooley et al. [35] who only found effects of maternal
criticism on remitted depressed patients. The majority
of studies on ADHD children with comorbid OPB
found decreases in cortisol levels [20,55], though these
results are not entirely consistent. There were only six
children in our study with Conner oppositional ratings
below T-scores of 60 in both parent and teacher ques-
tionnaires, thus the majority of children in our study
presented comorbid OPB within the clinical range.
Severe oppositional problems predicted weaker adreno-
cortical reactivity for children with the predominantly
inattentive and hyperactive, but not for the combined
ADHD subtype [26]. Combined subtype ratings on the
Conners’ parent and teacher scales were overall high in
our sample which might explain the discrepancy in find-
ings. Also stress tasks in the studies mentioned were not
based on parental EE. It might be that parental criticism
is a highly salient psychosocial stressor for subjects with
psychiatric disorders. The participants in the study by
Hooley et al. [35] were fully remitted for a minimum of
five months (range five to 109 months) and still reacted
strongly to maternal criticism. There is also evidence
that early disruptions in the parent-child-relationship, as
is often found in families with ADHD children, pro-
duces increased cortisol levels in preschoolers. Further
these heightened levels of cortisol predict increased
behavioral and emotional problems in the school-aged
child [56].
Family adversity, which can accompany ADHD, is
related to higher and less-regulated cortisol activity in
school-aged children and adolescents [57,58]. Children
with behavioral problems have shown an increased cor-
tisol response during a parent-child conflict-discussion
task and were associated with dysfunctional parenting
[59]. Typically, children with the largest increases in
cortisol were rated as less capable of regulating negative
emotions and aggression [60,61]. An impairment in the
regulation of emotion, as part of the core symptom of
impulsivity, is often observed in children with ADHD
[62]. Effects of emotional states on saliva cortisol
responses could also be demonstrated for situations
encountered in daily life [63,64]. In both studies, emo-
tions of loneliness, sadness, and anger, as assessed with
diary reports, were associated with specific cortisol pat-
terns. Depressive symptoms led to a decrease of basal
cortisol levels and higher cortisol levels were observed
for moments adolescents were alone rather than with
others, and for trait anger. Responses to the negative
condition by ADHD children suggest an emotional
stress response maybe similar to feelings of anger/
annoyance. ADHD children did perceive the criticism
expressed by their parents, but this was independent of
the experimental condition, since no significant
Figure 3 Mediator-Model, with the independent variable Expressed Emotion (EE), the dependent variable oppositional behavior (OPB),
and the cortisol stress index (Stress) as mediator variable. The correlations between each element of the model are shown for all children.
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and condition could be obtained (see table 3) for ADHD
children. Thus, apparently, children with ADHD do not
explicitly perceive an acute emotional stressor, but
rather respond to it on a physiological level, whereas
control children do show an explicit reaction to the
priming condition (see table 3), but this is not reflected
in a physiological response.
In agreement with our mediation hypothesis (see
above), we demonstrated that positive EE were signifi-
cantly linked to the psychosocial stress response which
in turn attenuated the direct path between EE and
oppositionality. Our results support the important role
of positive/warm interactions between parent and child
and its effect on oppositional behavior. Since we were
able to show this for cases and controls, positive parent-
ing might be a generally protective parenting factor.
However, it would be very interesting to replicate find-
ings in a larger sample with separate analyses for
ADHD cases and healthy controls. High psychosocial
stress on the other hand, as shown experimentally,
results in increases of the cortisol response and the ten-
sion felt. This in turn might lead to feelings of stress/
anger that are expressed in oppositional behavior as
described in behavioral models on ADHD and comorbid
OPB [65]. Since the emotion provocation task seems to
be very useful in manipulating EE response, future stu-
dies should further explore the association of ADHD
and OPB with respect to high EE.
Limitations to the study
The power analysis prior to testing showed that our
sample lacked five participants for optimal sample size.
A post-hoc power analysis with the given sample size
and 5 repeated measures between 2 groups established a
satisfying power of .94 with Lambda = 12.81, F(1,121) =
3.81, a = .05, f = 0.25. Thus interpretation of results
should not be overly biased.
For ethical reasons, we were not able to obtain blood
samples from the participating families. Due to this, we
were unable to assess the critical ACTH component of
the HPA-axis. We also did not measure other stress
v a r i a b l e ss u c ha sh e a r tr a t eo rs k i nc o n d u c t a n c e
response that could have confirmed the cortisol stress
responses.
Since children with ADHD significantly differed from
healthy control children in the Conners’ subscale
anxious-shy, possible influences on cortisol response
had to be taken into account, even though children with
positive screenings of internalizing disorders were not
included in the study. We collapsed the parent and tea-
cher ratings of the Conners’ subscale anxious-shy into
one measure and entered this as a covariate in an
ANOVA with baseline cortisol as the dependent
variable. Anxiousness did not influence levels of baseline
cortisol significantly (F(1,112) = 0.100, p .752), though
assessment of comorbid disorders on HPA-axis should
be addressed in future studies on this topic to further
confirm this result.
The sample in this study consisted of males and
females, though it was predominantly male, representing
the four to one prevalence of males to females in popu-
lations at large [66-68]. Gender did not affect levels in
cortisol in our study, but a replication of these results in
a sample of ADHD girls is recommended.
The age range in this sample was fairly large. It is well
known that ADHD symptoms change over time, and for
children reaching adolescence a reduction in impulsive/
hyperactive behavior is often found [69]. But when
entered as a covariate, age did not significantly influence
our results.
Oppositional behavior was solely assessed with the
Conners Rating Scales. A more thorough assessment of
this comorbid condition, especially with respect to the
differentiation between ODD and CD might contribute
to more specific results.
EE were assessed with the short FMSS and not the
original Camberwell Family Interview (CFI). Assessment
of EE with the CFI takes approximately one to two
hours followed by three to four hours rating. Assess-
ment and rating of EE with the FMSS is much faster
and correspondence between CFI-EE ratings and those
f r o mt h eF M S Sh a v ep r o v e nt ob eh i g h l ys a t i s f a c t o r y
[40], that the use of this measure seemed justified.
Positive and negative comments were not subjected to
qualitative analysis. But since cortisol response of the
ADHD children in the positive condition was so akin to
that of the controls, we were able to show that ADHD
children and controls respond similar to positive feed-
back and differently to negative feedback. The qualita-
tive difference in negative feedback, that is highly likely,
is reflected in the significant differences in high EE rat-
ings by ADHD parents.
The cross-sectional study design did not allow us to
determine the direction of effects. Future studies should
report path models that show the structural relations
between the variables analysed.
Clinical implications
As shown in this and several other studies, parental high
EE is a highly salient psychosocial stressor and proves to
be relevant for comorbid OPB in ADHD patients.
Approaches focusing on the reduction of parental hosti-
lity and the enhancement of warmth should be a target
for therapeutic interventions to reduce or even prevent
comorbid disorders such as OPB. Even though most
behavior therapy programs include sessions on positive
parent-child interactions their premises need to be
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Page 8 of 11further explored and might lead to an improvement of
behavioral therapy elements. Furthermore, cortisol levels
might serve as a relevant indicator for therapeutic suc-
cess. Children with disruptive behaviors and low basal
cortisol levels had a better response to intervention by
parent training as assessed by changes in cortisol levels
and disruptive behavior scores [70].
Abbreviations
ADHD: Attention-deficit/hyperactivity disorder; OPB: Oppositional Behavior;
CFI: Camberwell Family Interview; CP/TRS: Conners parent/teacher rating
scale; DSM-IV, OPB: Conduct Problems; Diagnostic and statistical Manual of
the American Psychiatric Association, 4
th version; EE: Expressed Emotion;
FMSS: Five Minute Speech Sample; HPA: hypothalamo-pituitary-adrenal axis;
ICD-10: International Classification of Diseases, 10
th version; ODD:
Oppositional Defiant Disorder; PC: Perceived Criticism;
Acknowledgements
We thank Kristina van Leewen, who helped to organize the experiments,
and we are grateful to all the families that have generously provided clinical
information for this research.
Author details
1Clinic for Child & Adolescent Psychiatry and Psychotherapy, University of
Duisburg-Essen, Germany.
2Department of Clinical Psychology, Philipps-
University Marburg, Germany.
3Department of Psychiatry, University of
Oxford, Oxford, UK.
4University Children’s Hospital, Dept. of Pediatric
Endocrinology and Diabetes, Essen, Germany.
5Developmental Brain-Behavior
Unit, University of Southampton, Southampton, UK.
6Ghent University,
Dunantlaan, Ghent, Belgium.
7MRC Social Genetic Developmental and
Psychiatry Centre, Institute of Psychiatry, London, UK.
Authors’ contributions
All authors have read and approved the final manuscript. HC planned the
study, analyzed the data, and wrote the manuscript. RDO, EJSB, and LP co-
read the manuscript, and also wrote sections of it, and contributed
analyzing strategies. BPH organized the cortisol analyses and advised on
their interpretation
Authors’ information
This work was partly funded by NIMH Grant RO 1MH062873 to S.V. Faraone
and by Sarstedt, who supplied the Salivettes for the study. The NIMH and
Sarstedt had no further role in the study design; in the collection, analysis
and interpretation of data or in the writing of the report.
Competing interests
The authors declare that they have no competing interests.
Received: 16 March 2010 Accepted: 15 July 2010
Published: 15 July 2010
References
1. Hooley JM: Expressed Emotion: A Review of the Critical Literature. Clin
Psychol Rev 1985, 5:119-139.
2. Hooley JM, Campbell C: Control and Controllability: An Examination of
Beliefs and Behavior in High and Low Expressed Emotion Relatives.
Psychol Med 2002, 32:1091-1099.
3. Hooley JM: Expressed Emotion and Depression: Interactions between
Patients and high- versus low-EE Spouses. J Abnorm Psychol 1986,
95:237-246.
4. Hooley JM, Orley J, Teasdale JD: Levels of Expressed Emotion and Relapse
in Depressed Patients. Br J Psychiatry 1986, 148:642-647.
5. Miklowitz DJ, Goldstein MJ: Bipolar Disorder: A Family-Focused Approach.
Guilford Press: New York 1997.
6. Baker BL, Heller TL, Henker B: Expressed Emotion, Parenting Stress, and
Adjustment in Mothers of Young Children with Behavior Problems. J
Child Psychol Psychiatry 2000, 41:907-915.
7. Schimmelmann BG, Meng H, Koch E, Karle M, Preuss U, Schulte-
Markwort M: Expressed Emotion im Verlauf kinder- und
jugendpsychiatrischer Störungen. Fortschr Neurol Psychiatr 2003,
71:517-526.
8. Taylor EA, Sonuga-Barke EJS: Disorders of attention and activity. Rutter’s
Child & Adolescent Psychiatry Wiley-Blackwell: U.KRutter M, Bishop D, Pine D,
Scott S, Stevenson JS, Taylor EA, Thapar A , 5 2008, 521-542.
9. Daley D, Sonuga-Barke E, Thompson M: Assessing Expressed Emotion in
Mothers of Preschool AD/HD children: Psychometric Properties of a
Modified Speech Sample. Br J Clin Psychol 2003, 42:53-67.
10. Psychogiou L, Daley DM, Thompson MJ, Sonuga-Barke EJ: Mothers’
Expressed Emotion toward their School-Aged Sons. Associations with
Child and Maternal Symptoms of Psychopathology. Eur Child Adolesc
Psychiatry 2007, 16:458-64.
11. Peris TS, Hinshaw SP: Family Dynamics and Preadolescent Girls with
ADHD: the Relationship between Expressed Emotion, ADHD
Symptomatology, and Comorbid Disruptive Behavior. J Child Psychol
Psychiatry 2003, 44:1177-90.
12. Tully LA, Arseneault L, Morgan J, Caspi A, Moffitt TE: Does Maternal
Warmth Moderate the Effects of Birth Weight on Twins’ Attention-
Deficit/Hyperactivity Disorder (ADHD) Symptoms and Low IQ? J Consult
Clin Psychol 2004, 72:218-226.
13. Taylor E, Chadwick O, Heptinstall E, Danckaerts M: Hyperactivity and
Conduct Problems as Risk Factors for Adolescence Development. JA m
Acad Child Adolesc Psychiatry 1996, 35:1312-1226.
14. Sonuga-Barke EJ, Oades RD, Psychogiou L, Chen W, Franke B, Buitelaar J,
Banaschewski T, Ebstein RP, Gil M, Anney R, Miranda A, Roeyers H,
Rothenberger A, Sergeant J, Steinhausen HC, Thompson M, Asherson P,
Faraone SV: Dopamine and serotonin transporter genotypes moderate
sensitivity to maternal expressed emotion: the case of condut and
emotional problems in attention deficit/hyperactivity disorder. J Child
Psychol Psychiatry 2009, 50:1052-1063.
15. Taylor E: Developmental Neuropsychopathology of Attention Deficit and
Impulsiveness. Dev Psychopathol 1999, 11:607-28.
16. Hong HJ, Shin DW, Lee EH, Oh YH, Noh KS: Hypothalamic-pituitary-
adrenal reactivity in boys with attention deficit hyperactivity disorder.
Yonsei Med J 2003, 44:608-614.
17. King JA, Barkley RA, Barrett S: Attention-Deficit Hyperactivity Disorder and
the Stress Response. Biol Psychiatry 1998, 44:72-74.
18. Kaneko M, Hoshino Y, Hashimoto S, Okano T, Kumashiro H: Hypothalamic-
Pituitary-Adrenal Axis Function in Children with Attention-Deficit
Hyperacitivity Disorder. J Autism Dev Disord 2000, 23:59-65.
19. Randazzo WT, Dockray S, Susman EJ: The Stress Response in Adolescents
with Inattentive Type ADHD Symptoms. Child Psychiatry Hum Dev 2008,
39:27-38.
20. Snoek H, Van Goozen SH, Matthys W, Buitelaar JK, Van Engeland H: Stress
responsivity in children with externalizing behavior disorders. Dev
Psychopathol 2004, 16:389-406.
21. Sondeijker FE, Ferdinand RF, Oldehinkel AJ, Veenstra R, Tiemeier H, Ormel J,
Verhulst FC: Disruptive behaviours and HPA-axis activity in young
adolescent boys and girls from the general population. J Psychiatr Res
2007, 41:570-578.
22. White BP, Mulligan SE: Behavioral and physiologic response measures of
occupational task performance: a preliminary comparison between
typical children and children with attention deficit. Am J Occup Ther
2005, 59:426-436.
23. Freitag CM, Hänig S, Palmason H, Meyer J, Wüst S, Seitz C: Cortisol
awakening response in healthy children and children with ADHD:
impact of comorbid disorders and psychosocial risk factors.
Psychoneuroendocrinology 2009, 34:1019-28.
24. Oosterlaan J, Geurts HM, Knol D, Sergeant JA: Low basal salivary cortisol is
associated with teacher-reported symptoms of conduct disorder.
Psychiatry Res 2005, 134:1-10.
25. Yang SJ, Shin DW, No KS, Stein MA: Cortisol is inversely correlated with
aggression for those boys with attention deficit hyperactivity disorder
who retain their reactivity to stress. Psychiatry Res 2007, 153:55-60.
26. Hastings PD, Fortier I, Utendale WT, Simard LR, Robaey P: Adrenocortical
Functioning in Boys with Attention-Deficit/Hyperactivity Disorder:
Examining Subtypes of ADHD and Associated Comorbid Conditions. J
Abnorm Child Psychol 2009, 37:565-578.
Christiansen et al. Behavioral and Brain Functions 2010, 6:45
http://www.behavioralandbrainfunctions.com/content/6/1/45
Page 9 of 1127. Schulz KP, Halperin JM, Newcorn JH, Sharma V, Gabriel S: Plasma Cortisol
and Aggression in Boys with ADHD. J Am Acad Child Adolescent Psychiatry
1997, 36:605-9.
28. Kruesi MJ, Schmidt ME, Donnelly M, Hibbs ED, Hamburger SD: Urinary free
cortisol output and disruptive behavior in children. J Am Acad Child
Adolescent Psychiatry 1989, 28:441-3.
29. Tarrier N, Vaughn C, Lader MH, Leff JP: Bodily Reactions to People and
Events in Schizophrenia. Arch Gen Psychiatry 1979, 36:31-315.
30. Sturgeon D, Kuipers L, Berkowitz R, Turpin G, Leff J: Psychophysiological
Responses of Schizophrenic Patients to High and Low Expressed
Emotion Relatives. Br J Psychiatry 1981, 138:40-45.
31. Valone K, Goldstein MJ, Norton JP: Parental Expressed Emotion and
Psychophysiological Reactivity in an Adolescent sample at risk for
Schizophrenia Spectrum Disorders. J Abnorm Psychol 1984, 93:448-457.
32. Hibbs ED, Zahn TP, Hamburger SD, Kruesi M, Rapoport J: Parental
Expressed Emotion and Psychophysiological Reactivity in Disturbed and
Normal Children. Br J Psychiatry 1992, 160:504-510.
33. Marcelis M, Cavalier E, Gielen J, Delespaul P, Van Os J: Abnormal response
to metabolic stress in schizophrenia: marker of vulnerability or acquired
sensitization? Psychol Med 2004, 34:1103-11.
34. Vitaliano P, Russo J, Bailey SL, Young HM, McCann B: Psychosocial Factors
Associated with Cardiovascular Reactivity in Older Adults. Psychosom
Med 1993, 55:164-177.
35. Hooley JM, Gruber SA, Scott LA, Hiller JB, Yurgelun-Todd DA: Activation in
Dorsolateral Prefrontal Cortex in Response to Maternal Criticism and
Praise in Recovered Depressed and Healthy Control Participants. Biol
Psychiatry 2005, 57:809-812.
36. Chen W, Taylor EA: Parental Account of Children’s Symptoms (PACS),
ADHD Phenotypes and its Application to Molecular Genetic Studies.
Attention-Deficit/Hyperactivity Disorder and the Hyperkinetic Syndrome: Current
Ideas and Ways forward Nova Science Publishing Inc, Hauppauge: NYOades
RD 3-20.
37. Sattler JM: Assessment of children: behavioral and clinical applications.
Publ. Inc: San DiegoSattler JM 1992.
38. Conners CK: Manual for Conners’ rating scales. Multi-Health Systems Inc:
N. Tonoawanda: NY 2002.
39. Christiansen H, Chen W, Oades RD, Asherson P, Taylor EA, Lasky-Su J,
Zhou K, Banaschewski T, Buschgens C, Franke B, Gabriels I, Manor I,
Marco R, Müller U, Mulligan A, Psychogiou L, Rommelse N, Uebel H,
Buitelaar J, Ebstein R, Eisenberg J, Gill M, Miranda A, Mulas F,
Roeyers H, Rothenberger A, Sergeant J, Sonuga-Barke E,
Steinhausen HC, Thompson M, Faraone SV: Co-transmission of
Conduct Problems with Attention Deficit Hyperactivity. JN e u r a l
Transm 2008, 115:163-175.
40. Magana AB, Goldstein MJ, Karno M, Miklowitz DJ, Jenkins J, Falloon IRH: A
Brief Method for Assessing Expressed Emotion in Relatives of Psychiatric
Patients. Psychiatry Res 1986, 17:203-212.
41. Leeb B, Hahlweg K, Goldstein MJ, Feinstein E, Mueller U, Dose M, Magana-
Amato A: Cross-National Reliability, Concurrent Validity, and Stability of a
Brief Method for Assessing Expressed Emotion. Psychiatry Res 1991,
39:25-31.
42. Hooley JM, Teasdale JD: Predictors of relapse in unipolar depressives:
Expressed emotion, marital distress, and perceived criticism. J Abnorm
Psychol 1989, 98:229-235.
43. Hooley JM: Expressed Emotion and Depression. Depression and Families:
Impact and Treatments American Psychiatry Press: Washington, DCKeitner GI
1990, 57-83.
44. Oosterlaan J, Sergeant JA: Response inhibition and response re-
engagement in attention-deficit/hyperactivity disorder, disruptive,
anxious and normal children. Behav Brain Res 1998, 94:33-43.
45. Oosterlaan J, Logan GD, Sergeant JA: Response Inhibition in AD/HD, CD,
Comorbid AD/HD + CD, Anxious and Control Children: A Meta-Analysis
of Studies with the Stop Task. J Child Psychol Psychiatry 1998, 39:411-425.
46. Tunn S, Möllmann H, Barth J, Derendorf H, Krieg M: Simultaneous
Measurement of Cortisol in Serum and Saliva after Different Forms of
Cortisol Administration. Clin Chem 1992, 38:1491-1494.
47. Rodbard D: Statistical Quality Control and Routine Data Processing for
Radioimmunoassays and Immunoradiometric Assays. Clin Chem 1974,
20:1255-1270.
48. Pruessner JC, Wolf OT, Hellhammer DH, Buske-Kirschbaum A, von Auer K,
Jobst S, Kaspers F, Kirschbaum C: Free Cortisol levels after awakening: A
reliable biological marker for the assessment of adrenocortical activity.
Life Sciences 1997, 61:2539-49.
49. Schmidt-Reinwald A, Preussner JC, Hellhammer DH, Federenko I, Rohlede N,
Schürmeyer TH, Kirschbaum C: The cortisol respone to awakening in
relation to different challenge tests and a 12-hour cortisol rhythm. Life
Sci 1999, 64:1653-1660.
50. Hinshaw SP: Moderators and Mediators of Treatment Outcome for Youth
With ADHD: Understanding for Whom and How Interventions Work. J
Pediatr Psychol 2007, 32:664-675.
51. Baron RM, Kenny DA: The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986, 51:1173-1182.
52. Schachar R, Taylor E, Wieselberg M, Thorley G, Rutter M: Changes in Family
Function and Relationships in Children Who Respond to
Methylphenidate. J Am Acad Child Adolesc Psychiatry 1987, 26:728-732.
53. Sonuga-Barke E, Lasky-Su J, Neale BM, Oades RD, Chen W, Franke B,
Buitelaar J, Banaschewski T, Ebstein R, Gill M, Anney R, Miranda A, Mulas F,
Roeyers H, Rothenberger A, Sergeant J, Steinhausen HC, Thompson M,
Asherson P, Faraone SV: Does parental expressed emotion moderate
genetic effects in ADHD? An exploration using a genome wide
association scan. Am J Med Genet B 2008, 147B:1359-1368.
54. Caspi A, Moffit TE, Kim-Cohen J, Polo-Tomas M, Morgan J, Rutter M,
Taylor A, Arseneault L, Tully L, Jacobs C: Maternal Expressed Emotion
Predics Children’s Antisocial Behavior Problems: Using Monozygotic-
Twin Differences to Identify Environmental Effects on Behavioral
Development. Dev Psychol 2004, 40:149-161.
55. Van Goozen SH, Fairchild G, Snoek H, Harold GT: The evidence for a
neurobiological model of childhood antisocial behavior. Psychol Bull
2007, 133:149-182.
56. Essex MJ, Klein M, Cho E, Kalin NH: Maternal stress beginning in infancy
may sensitize children to later stress exposure: effects on cortisol and
behavior. Biol Psychiatry 2002, 52:776-784.
57. Halligan SL, Herbert J, Goodyer IM, Murray L: Exposure to postnatal
depression predicts elevated cortisol in adolescent offspring. Biol
Psychiatry 2004, 55:376-381.
58. Lupien SJ, King S, Meany MJ, McEwen BS: Child’s stress hormone levels
correlate with mother’s socioeconomic status and depressive state. Biol
Psychiatry 2000, 48:976-980.
59. Granger DA, Weis JR, McCracken JT: Reciprocal influences among
adrenocortical activation, psychosocial processes, and the behavioral
adjustment of clinic-referred children. Child Dev 1996, 67:3259-3260.
60. Dettling AC, Gunnar MR, Donzella B: Cortisol levels of young children in
full-day childcare centers: relations with age and temperament.
Psychoneuroendocrinology 1999, 24:505-518.
61. Dettling AC, Parker SW, Lane S, Sebanc A, Gunnar MR: Quality of care and
temperament determine whether cortisol levels rise over the day for
children in full-day childcare. Psychoneuroendocrinology 2000, 25:819-836.
62. Oades RD, Lasky-Su J, Christiansen H, Faraone SV, Sonuga-Barke EJS,
Banaschewski T, Chen W, Anney RJL, Buitelaar JK, Ebstein RP, Franke B,
Gill M, Miranda A, Roeyers H, Rothenberger A, Sergeant JA, Steinhausen HC,
Taylor EA, Thompson M, Asherson P: The influence of serotonin- and
other genes on impulsive behavioral aggression and cognitive
impulsivity in children withattention-deficit/hyperactivity disorder
(ADHD): Findings from a family-based association test (FBAT) analysis.
Behav Brain Funct 2008, 4:48.
63. Adam EK: Transactions among Adolescent Trait and State Emotion and
Diurnal and Momentary Cortisol Activity in Naturalistic Settings.
Psychoneuroendocrinology 2006, 31:664-679.
64. Adam EK, Hawkley LC, Kudielka BM, Cacioppo JT: Day-to-Day Dynamics of
Experience-Cortisol Associations in a Population based Sample of Older
Adults. Proc Natl Acad Sci USA 2006, 103:17058-17063.
65. Petermann F, Petermann U: Training mit aggressiven Kindern. Psychologie
Verlags Union: Weinheim 2005.
66. Ford T, Goodman R, Meltzer H: The British Child and Adolescent Mental
Health Survey 1999. J Am Acad Child Adolesc Psychiatry 2003, 40:1203-11.
67. Fleitlich-Bilyk B, Goodman R: Prevalence of child and adolescent
psychiatric disorders in southeast Brazil. J Am Acad Child Adolesc
Psychiatry 2004, 43:727-34.
68. Costello EJ, Mustillo S, Erkanli A, Keeler G, Angold A: Prevalence and
development of psychiatric disorders in childhood and adolescence.
Arch Gen Psychiatry 2003, 60:837-44.
Christiansen et al. Behavioral and Brain Functions 2010, 6:45
http://www.behavioralandbrainfunctions.com/content/6/1/45
Page 10 of 1169. Döpfner M, Wolff Metternich T: Hyperkinetische Störungen und
oppositionelle Verhaltensstörungen. Lehrbuch der Psychotherapie für die
Ausbildung zum Kinder- und Jugendlichenpsychotherapeuten und für die
ärztliche Weiterbildung. Band 4, Verhaltenstherapie mit Kindern, Jugendlichen
und ihren Familien CIP-Medien: MünchenMattejat F 2006, 493-506.
70. Motamedi M, Amini Z, Siavash M, Attari A, Shakibaei F, Azhar MM,
Harandi RJ, Hassanzadeh A: Effects of parent training on salivary cortisol
in children and adolescents with disruptive behavior disorder. JMRS
2008, 13:69-74.
doi:10.1186/1744-9081-6-45
Cite this article as: Christiansen et al.: Does the cortisol response to
stress mediate the link between expressed emotion and oppositional
behavior in Attention-Deficit/Hyperactivity-Disorder (ADHD)?. Behavioral
and Brain Functions 2010 6:45.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Christiansen et al. Behavioral and Brain Functions 2010, 6:45
http://www.behavioralandbrainfunctions.com/content/6/1/45
Page 11 of 11